Weak antilocalization in HgTe quantum well with inverted energy spectrum 
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The results of experimental study of the magnetoconductivity of 2D electron gas caused by sup- 
pression of the interference quantum correction in HgTe single quantum well heterostructure with 
the inverted energy spectrum are presented. It is shown that only the antilocalization magnetocon- 
ductivity is observed at the relatively high conductivity a > (20 — 30) Go, where Go = e'' j^iP'h. 
The antilocalization correction demonstrates a crossover from 0.5 In (j^It) to 1.0 In (j^jr) behavior 
with the increasing conductivity or decreasing temperature (here T0 and r are the phase relaxation 
and transport relaxation times, respectively) . It is interpreted as a result of crossover to the regime 
when the two chiral branches of the electron energy spectrum contribute to the weak antilocalization 
independently. At lower conductivity a < (20 — 30) Go, the magnetoconductivity behaves itself anal- 
ogously to that in usual 2D systems with the fast spin relaxation: being negative in low magnetic 
field it becomes positive in higher one. We have found that the temperature dependences of the 
fitting parameter corresponding to the phase relaxation time demonstrate reasonable behavior, 
close to 1/T, over the whole conductivity range from 5 Go up to 130 Go. However, the value 
remains practically independent of the conductivity in distinction to the conventional 2D systems 
with the simple energy spectrum, in which is enhanced with the conductivity. 



I. INTRODUCTION 

New type of two-dimensional (2D) systems, which en- 
ergy spectrum is formed by the spin-orbit interaction has 
attracted considerable interest during the last decade. 
Just in these structures the Dirac-like spectrum is re- 
alized. This leads to appearance of new and modifi- 
cation of traditional dependences of kinetic phenomena 
on the magnetic field, temperature, carriers density, etc. 
The graphenefi^ topological insulators such as Bii-ajSh^;, 
Bi2Se3, Bi2Te3,'^''* quantum wells of gapless semiconduc- 
tor HgTc^'^ belong to this type of the system. In the 
last-mentioned, the energy spectrum can be tuned by 
changing of the quantum well width (d) from inverted 
at d > dc nm to the normal one at d < dc^ where 
dc ~ (6 — 7) nm for CdTe/HgTe/CdTe heterostructure^ is 
the critical thickness of the HgTe layer corresponding to 
the collapse of the energy gap (see Fig.[T]). Namely in the 
vicinity of dc the Dirac-like spectrum is realized. Much 
progress in the growth technology of Hgi_2;Cda;Te/HgTe 
heterostructures^ gives possibility to carry out the de- 
tailed studies of the transport phenomena in such a type 
of 2D systems. Large number of the papers was de- 
voted to studies of high magnetic field transport jiSr— 
quantum Hall effect r^ii^ crossover from the electron to 
hole conductivity in the gated structures J^ii^ At the 
same time, effects resulting from the quantum interfer- 
ence were investigated in the sole experimental^^ and sole 
theoreticali^ paper. 

In this work, we present the results of experimental 
study of the interference quantum correction to the con- 
ductivity {da) in the HgTe single quantum well with the 
inverted energy spectrum. It is shown that only the an- 
tilocalization magnetoconductivity is observed at rela- 
tively high conductivity a > (20 — 30) Gq, where Go = 
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FIG. 1. (Color online) Energies of subbands at fc = 
as a function of the HgTe quantum well width for the 
Hgo.35Cdo.65Te/HgTe/Hgo.35Cdo.65Te heterostructure calcu- 
lated in the 6x6 kP-model as described in Ref. [l^ with 
parameters from Ref. [13 . The dashed area indicates the en- 
ergy gap. Inset shows the dispersion law for d = 9.5 nm 
corresponding to the structure HT71. 



(? I^Tx^h. It has been found that the antilocalization cor- 
rection demonstrates a crossover from the regime when 
(5tT = —a In {t^It) with a = —0.5 to that with a = —1.0 
(t0 and T are the phase relaxation and transport relax- 
ation times, respectively). It is interpreted as a crossover 
to the regime when the two chiral branches of the energy 
spectrum contribute to the weak antilocalization inde- 
pendently. At lower conductivity a < (20 — 30) Go, the 
magnetoconductivity behaves itself analogously to that 
in usual 2D systems with the fast spin relaxation. The 
magnetoconductivity curves in this case are well fitted 
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FIG. 2. (Color online) (a) and (b) - The magnetic field de- 
pendences of pxy and pxx, respectively, measured at T = 
1.35 K for the different electron densities, (c) - The gate 
voltage dependences of the electron densities found as n = 
— l/e7?H(0.1 T). Symbols are the data, the line is the depen- 
dence n = CVg/lel +5.1 x 10^° plotted with C = 4.8 nF/cm~^ 
measured experimentally, (d) - The conductivity measured 
at _B = and T = 1.35 K as a function of the electron density. 



by the standard expression . We find that the tem- 
perature dependences of r^, which value is found from 
the fit, is close to 1/T law over the conductivity range 
cr = (5 — 130) Go as it should be when the inelasticity 
of electron-electron (e-e) interaction is the main mecha- 
nism of the phase relaxationi^ At the same time, the 
value remains practically independent of the conductiv- 
ity in contrast to the ordinary 2D systems, where is 
roughly proportional to the conductivity. 



II. EXPERIMENTAL 

Our HgTe quantum wells were realized on the basis 
of HgTe/Hgi_^Cd^Te {x = 0.5 - 0.65) heterostructure 
grown by means of MBE on GaAs substrate with the 
(013) surface orientatioui^ The three heterostructures 
HT108, HT71, and H922 with the nominal width of the 
quantum well equal to 9.0 nm, 9.5 nm, and 10 nm, re- 
spectively, were investigated. The samples were mesa 
etched into standard Hall bars. To change and con- 
trol the electron density (n) in the quantum well, the 
field-effect transistors was fabricated on the basis of 
the Hall bars with parylene as an insulator and alu- 
minium as gate electrode. In some cases the illumina- 
tion was used to change the electron density in the quan- 
tum well. The conductivity of the structure HT71 after 
the cooling down to the liquid helium temperature was 
very low, a ~ 10~^Go, and enhanced up to ~ 130 Go 
with the help of illumination or application of the gate 



voltage. The electron density in the structures HT108 
and H922 at Vg = was about 4.5 x 10^^ cm^^ and 
5.0 X 10^^ cm^^, respectively, and decreased down to 
(3 — 5) X 10^" cm~^ by the gate voltage. The electron 
mobility at n = 1.0 x 10^^ cm^^ was 1.3 x 10^ cm^/Vs, 
4.5 X 10^ cm^/Vs, and 4.5 x 10"* cm^/Vs in the struc- 
tures HT71, HT108, and H922, respectively. The main 
results were analogous for all the structures. For this 
reason, the figures will represent the results obtained on 
the structure HT71, except as otherwise noted. 



III. RESULTS AND DISCUSSION 

The magnetic field dependences of off-diagonal and 
diagonal component of the resistivity tensor (p^y and 
Pxx) at some gate voltages are presented in Fig. Ha) 
and Fig. [Sfb), respectively. Well-resolved quantum Hall 
plateaus, both the even and odd, are evident. The 
Vg dependence of the electron density found as n = 
— l/ei?ij(0.1 T), where Rh is the Hall coefficient, and 
the electron density dependence of the conductivity at 
T = 1.35 K are plotted in Fig. ^c) and Fig. ^d), re- 
spectively. As seen n vs Vg plot is close to the linear 
one and its slope corresponds to the geometric capacity 
G = 4.8 nF/cm"^ measured on the same sample. 

Let us consider the low field magnetoconductivity pre- 
sented in Fig. [31 To compare the experimental curves 
measured at different conductivity values, we plot them 
against the relative magnetic field b = B/Btr, where 
Btr = h/2eP with I as the mean free path is the 
characteristic magnetic field for the interference correc- 
tion. Furthermore, we shift the experimental depen- 
dences Aa{b) = 1/ pxx{b) — 1//Oa;a;(0) in the vertical direc- 
tion on the value of the interference correction at B = 0, 
i5cr(0), found as described in Section ITlI CI So, the plot- 
ted in Fig. [3] dependence is actually the b dependence of 
the interference correction 6a{b). One can see that only 




FIG. 3. (Color onhne) The dependences 5a{b) = Aa(fe) -|- 
Sa{0) for different conductivity values, T = 1.35 K. The 
dashed arrows show the shift of the minimum with the in- 
creasing conductivity. 
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FIG. 4. (Color online) (a) - The magnetic field dependence 
of A(j for n = 5.8 X 10^" cm"^ cr = 63Go, T = 1.35 K. 
Symbols are the data, the curve is the results of the best fit 
by Eq. ([2| carried out within the b range from to 0.3. (b) 
- The temperature dependence of the phase relaxation time 
found from the fit of the magnetoconductivity curves. The 
symbols are the data. The dashed curves are calculated as 
described in Section Fill Al (c) - The temperature dependence 
of the prefactor a. The symbols are the data found from the 
fit, the dashed line is provided as a guide to the eye, the solid 
line is a = —0.5. 

the negative (antilocalizing) magnetoconductivity is ob- 
served at high conductivity cr > (20 — 30) Gq over the 
whole magnetic field range up to 6 = 3. At lovifer con- 
ductivity values, the crossover to the positive magneto- 
conductivity is observed at the magnetic field labeled as 
be- As clearly seen from the figure the lower the conduc- 
tivity the lower the value of 6c- At a < 20 Gq the value 
of be becomes less than unity. 

A. Low-field positive magnetoconductivity, liigh 
conductivity a > 20 Go 

So far as we know the theory of the interference in- 
duced magnetoconductivity for systems with complicated 
energy spectrum like HgTe quantum wells is not devel- 
oped yet. Therefore, our analysis will lean upon the 
following qualitative consideration. As shown in Ref. 
the HgTe quantum wells have a single-valley Dirac-like 
energy spectrum in the vicinity of the critical thickness 
dc- It consists of two branches of different chirality (in 
what follows referred as and k~), which are degen- 
erate in a symmetric quantum well or can be split-off 
due to spin-orbit interaction in asymmetric case. The 
chiral fermions cannot be backscattered and the magne- 
toconductivity in such a type of heterostructures should 
demonstrate the antilocalization behavior. The contri- 
bution to the interference correction coming from each 
branch is positive and is equal to O.SGq \n{T^/T), >• t. 
When the transition rate l/r± between the branches fc+ 
and fc~ is small as compared with the phase relaxation 
rate l/r^, the interference contributions to the conduc- 
tivity from these brunches are summarized and the total 
correction should be equal to (0.5 -|- 0.5)Go ln(T0/r). In 
opposite case, when 1/t± ^ I/t^, the correction should 
be equal to O.SGq ln(T0/T). So, the interference correc- 



tion at i? = for arbitrary relationship between and 
T± should be equal to 

(5(7 = -a Go hi (^), -1 ^ a ^ -0.5. (1) 

The magnetoconductivity resulting from the suppression 
of the electron interference by the magnetic field should 
be described by the standard expression^i^ with same 
prefactor a: 

Aa{b)=aGon (y^b^ . 

n{x,y)=^j(^^ + ^^-^(^^ + ^^-lnx, (2) 

where ip{x) is the digamma function. This equation 
with two fitting parameters a and has been used 
for the quantitative analysis of our magnetoconductiv- 
ity curvesj^ Because Eq. ([2]) is correct for the diffusion 
regime, i.e., for b <C 1, the fitting range was restricted 
by the interval < 6 < 0.3. As an example, the result 
of the fitting procedure made for ct = 63 Gq is presented 
in Fig. Illja). One can see that Eq. ([2]) well describes the 
run of experimental curve. 

The temperature dependences of the fitting parame- 
ter T^/r as Fig. IH^b) shows is close to 1/T law that 
corresponds to the inelasticity of e-e interaction as the 
the main mechanism of the phase relaxation. Such the 
temperature dependence of is observed over the entire 
conductivity range 20Go < cr < 130 Gq. 

Let us call our attention to the prefactor, which tem- 
perature dependence is presented in Fig. IH^c). It is seen 
that the value of a is close to —0.5 and it becomes more 
negative with the decreasing temperature. The first- 
mentioned is indication of that the inter-branch transi- 
tion time T± is comparable with or less than t^. The 
fact that \a\ is somewhat less than 0.5 at T = 4.2 K can 
be explained by not rigorous fulfilment of the condition 
T under which Eq. ([2]) works. When this strong in- 
equality is violated, our fitting procedure gives the value 
of Tfj, close to the true one, whereas a occurs to be re- 
duced in magnitude^ For the case presented in Fig. 21 
the ratio t^/t is about 15 — 20 at T = 4.2 K that should 
results in reduction of a by a factor of about 0.7. The 
increase of jaj observed with the T decrease may result 
from enhancement of to t± ratio due to increase of the 
phase relaxation time with the decreasing temperature. 
This fact together with that a becomes appreciably less 
than —0.5 indicates that the system crosses over to the 
regime of independent contributions of each chiral branch 
to the interference correction. 

Thus, the temperature dependences of both fitting pa- 
rameters a and are sound. 

We turn now to the conductivity dependence of and 
a shown in Fig. [5] The surprising thing is that the pa- 
rameter T0 does not increase with the increasing conduc- 
tivity as predicted theoretically^ for the inelasticity of 
the e-e interaction as the main mechanism of the phase 
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FIG. 5. (Color online) (a) - The values of (a) and a (b) 
plotted against the conductivity at T = 1.35 K. The symbols 
are the data. The dashed lines are provided as a guide to the 
eye. The solid line in panel (a) is calculated in accordance 
with Ref. m. 



relaxation [see sold curve in Fig. [Sf a)] . It should be also 
noted that the value of found from the fit in HgTe 
quantum well at ~ 20 Go is approximately 2.5 — 3 times 
as large as the theoretical value of the dephasing time. As 
Fig. [5jb) demonstrates the prefactor a increases in mag- 
nitude with the increasing conductivity. As discussed 
above such the behavior indicates that the inter-branch 
transition time t± becomes larger than the dephasing 
time T0, and the 2D gas approaches the regime of the 
two independent contributions of fc+ and k~ states to 
the interference quantum correction. 

To the best of our knowledge there is the sole theoret- 
ical paper™ where the interference correction to the con- 
ductivity in HgTe quantum well was studied. According 
to this paper the value of the correction at i? = is 



ba = -2/3 Go In- 



Bklf 
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where M is the band gap at the Dirac point, A and B 
are the band parameters responsible for the linear and 
quadratic parts of the energy spectrum, respectively,^ 
and /3 > — 1/2 is the prefactor, which value depends on 
t/t^ and t/tm so that^~ —1/2 when r/r^, t/tm <C 1 
[see Eq. (53) in Ref. [l^. Equation ([3]) is structurally 
very similar to the conventional expression, Eq. ([TJ, 
l/'''0 + 1/''A4 stands instead of l/r^ only. It is natu- 
ral to suppose that the magnetoconductivity could be 
described by Eq. ^ with the same substitution. Un- 
der this assumption the fit of the data by Eq. ^ should 
give 1/t0 -t- 1/tm instead of l/r^. However, following 
this line of attack we are not able to interpret our re- 
sults. To demonstrate this, we have depicted the tem- 
perature dependences of r/ (l/r^ -I- 1/tm) calculated for 
the two M values, = and -20 meV, in Fig. Hl^b). 
The parameters A and B were equal to 380 meV-nm and 
850 meV-nm^, respectively, in accordance with Ref. 0, 
and r/r^ varied with the temperature as r/r^ = 0.014T. 
One can see that contrary to what observed experi- 
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FIG. 6. (Color online) The magnetoconductivity plotted 
against the magnetic field for different a at T = 1.35 K. The 
dashed lines demonstrate that the minimum position is prac- 
tically independent of the conductivity. 



mentally, the calculated dependences demonstrate very 
strong saturation with the temperature decrease, the sat- 
uration is more pronounced for = — 20 meV, which is 
more appropriate to the structure investigated. 



B. Alternative sign magnetoconductivity, cr < 20Go 

Let us analyze the experimental results for the lower 
conductivity, a < 20 Go- In this case, the crossover from 
the negative magnetoconductivity to the positive one 
is observed at the magnetic field, which value is lower 
than the transport magnetic field, be = Bc/Btr < 1 
(see Fig. At first sight Aa{b) behaves much like 
the interference induced magnetoconductivity observed 
in conventional 2D systems with the fast spin relaxation 
(see, e.g., Ref. l26l). However, the fact that the crossover 
field Be is practically independent of the conductivity. 
Be — (15 — 20) mT, as clearly seen from Fig. [SI sets one 
thinking about other possible reasons responsible for the 
crossover from the negative to positive magnetoconduc- 
tivity at B — Be- 
lli principle, the positive magnetoconductivity can re- 
sult from the contribution of the e-e interaction. It 
should depend on the magnetic field due to the Zee- 
man splitting, which suppresses the interaction contri- 
bution in the triplet channeli^i"— If the value of the ef- 
fective g-factor is sufficiently large, the Zeeman splitting 
g^sB, where fj,B stands for the Bohr magneton, can ex- 
ceed the temperature already in relatively low magnetic 
field, B ^ 0.02 T, and the positive magnetoconductivity 
resulting from this effect can win the negative magneto- 
conductivity caused by the quantum interference. Our 
measurements of the interaction correction with the use 
of the method suggested in Ref. [s^ did not reveal any 
significant magnetic field dependence of the interaction 
correction in the actual magnetic-field range. However, 
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it must be admitted that the accuracy of this method at 
so low field is not very high to assert it unambiguously. 

Another possible reason of the positive magnetocon- 
ductivity is classical memory effects.3fi As shown in 
Ref. where the magnetotransport in the 2D Lorenz 
gas is studied, these effects due to double scattering of 
an electron on the same disk lead to a negative magne- 
toresistance even in classically weak magnetic field<^i^ 
However, our estimations made according to Ref. IstI with 
the use of typical for our case parameters show that the 
positive magnetoconductivity due to the memory effect 
is more than one order of magnitude less than the rise 
of the magnetoconductivity observed experimentally at 
B>B,. 

So, the known mechanisms of positive magnetocon- 
ductivity cannot explain our data. Therefore, despite 
the fact that the theory does not predict alternative sign 
magnetoconductivity for systems with the Dirac-like en- 
ergy spectrum, let us analyze the data at cr < 20 Gq 
under assumption that both rising and ascending parts 



of the magnetoconductivity curves in Fig. [3] and Fig. [6] 
result from suppression of the interference correction in 
the magnetic field. In what follows, we will compare the 
shape of the magnetoconductivity curve with the well- 
known expressions employing the standard fitting proce- 
dure. 

For the case when the spin-orbit splitting of the en- 
ergy spectrum is cubic in quasimomentum the magneto- 
conductivity is described by the Hikami-Larkin-Nagaoka 
expression ■ 
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Another case is the linear in quasimomentum splitting 
of the energy spectrum. According to Ref. HI (see also 
comments in Ref. Isol) Act (6) in this case has the form 
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where C « 0.57721 is the Euler constant, 6^ = br/r^, 
bs = br /ts, a„ = n + 1/2 + 60 + bs, and S{b^/bs) is the 
6-independent function 
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with Q{y) as the Heaviside step function. Expressions 
([5]) and ([6]) have been derived under assumption that the 
conductivity is very high, ct ^ Gq. When it is not the 
case, one should regard for the second order quantum 
corrections. To take them into account we have multi- 
plied the right-hand side of both expressions, Eq. ([5]) and 
Eq. ([6]) , by the factor 1 — 2Go /tr as it has been done for 
the case of slow spin relaxation in Ref. 113. 

In Fig. [71[a) , we demonstrate the results of the fitting 
procedure for a — 9.75 Gq carried out within the mag- 
netic field range b = — 0.3 with the use of and Ts 
as the fitting parameters. It is clearly seen that Eq. ^ 
does not describe the experimental data, while Eq. ([5]) 
gives very good agreement. Such the agreement is ob- 
served at all the temperatures from 1.3 K to 4.2 K over 
the conductivity interval from 5 Go to 25 Gq. Therewith, 
the temperature dependences of the fitting parameters 
T0 and Ts corresponding to the phase and spin relaxation 
times, respectively, are reasonable. Again, demon- 
strates behavior close to 1/T law, while Ts is tempera- 
ture independent within our accuracy [see Fig.[71[b)] that 



is typical for the degenerate gas of carriers. 



C. Overview of entire conductivity range, 

cr = (5 - 130) Go 

Let us now inspect how the results obtained within 
the different conductivity ranges dovetail into one an- 
other. The T0 values found for different conductivity re- 
gions as described above are graphed as a function of 
the conductivity in Fig. EJa) . The values of the interfer- 
ence correction at S = calculated from Eq. ([1]) at high 
conductivity, cr > 20 Go, and from the expression 
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at lower one are plotted in Fig. Wih). It is seen that 
both vs a and Sa y& a dependences found by the two 
different methods within the low- and high-conductivity 
regions are matched well near cr ~ 30Go. Namely these 
values of 5a{Q) have been used to shift the experimental 
dependences Acr(6) in the vertical direction in Fig. |3l 
An essential feature evident from Fig. |51[a) is that the 
fitting parameter t^, does not practically depend on the 
conductivity over the whole conductivity range from a ~ 
5 Go to cr ~ 130 Go. Such the behavior is in qualitative 
disagreement with that observed in conventional A3B5- 
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FIG. 7. (Color online) (a) - The magnetoconductivity plot- 
ted as a function of the magnetic field for a = 9.75 Go 
{Btr = 62 mT) at T = 1.35 K. The symbols are the data, 
the lines are the results of the fitting procedure by the dif- 
ferent expressions, (b) - The temperature dependences of r,^ 
and Ts obtained with the help of Eq. ^ (circles) and Eq. 
(squares) . 



based 2D electron systems. For instance, the dephasing 
time found experimentally in GaAs/Ino.2Gao.8As/GaAs 
single quantum well heterostructures increases about five 
times over the same conductivity range that accords 
well with the theoretical predictions^ [see line and open 
squares in Fig. HJa)]. 

As already mentioned above the crossover to the pos- 
itive magnetoconductivity evident at Be can result from 
other mechanisms, i.e., only the negative magnetocon- 
ductivity at B < Be is caused by suppression of the 
electron interference, while another unknown mechanism 
is responsible for the positive magnetoconductivity at 
B > Be- Then, Eq. (g]) rather than Eq. (O should 
be used to obtain the value of at low conductivity 
cr < 20 6*0 as it took place for a > 20 Go, and the fit- 
ting region should be restricted by the field lower than 
Be- The result of such a data treatment for a = 9.75 Go 
{Btr = 62 mT) is presented in Fig. ^a) by the dotted 
line. The fit with the use of and a as the fitting pa- 
rameters has been made within the magnetic field range 
B = (0 — 1.5) mT. The prefactor a obtained from the fit 
is equal to —0.33, which is close to that expected theo- 
retically a ~ —0.5 (1 — 2Go/(7) ~ —0.4. The temperature 
dependence of is close to 1/T, while the value of is 
somewhat larger than that found with help of Eq. ([5]) [see 
Fig. Eljb)]. Analogous results are obtained within whole 
low-conductivity range down to ct = 5Go, but, what is 
more important, the use of Eq. ([2]) over the entire con- 
ductivity range gives just the same result: dos not 
increase with the increasing conductivity. 

It is pertinent here to direct the reader's attention to 
the results obtained on the topological insulator Bi2Se3 
and reported recently in Ref. Ah The authors present the 
gate voltage dependence of B^ = H/AeDr^ [D is the dif- 
fusion coefficient) found from the fit of the experimental 



magnetoconductivity curves by Eq. ([2]) . It is possible for 
some Vg values to convert these data to vs a depen- 
dence. To do this one should know the dependence of the 
effective mass (m) on the electron density. If one believes 
that m is constant in respect to n, we obtain that in 
Bi2Se3 decreases with the increasing conductivity within 
the range a = (50 — 500) Go. However, if one naturally 
supposes that m oc ^/n, that corresponds to the linear 
Dirac-like spectrum, we obtain result analogous to that 
presented above for HgTe quantum well: is practically 
independent of a. 

Before closing this section let us list possible reasons 
for so different behavior of with changing a in the 
2D systems with conventional parabolic energy spectrum 
and in the systems with complicated spectrum like HgTe 
single quantum wells. First, the parameters and 
found from the fit may not correspond to the true phase 
and spin relaxation times despite the fact that the stan- 
dard expressions, Eq. ([2]) and Eq. ([5]), fit the experimental 
magnetoconductivity curves rather well. Another expres- 
sion, which properly takes into account the peculiarities 
of the energy spectrum and electron interference in the 
HgTe 2D systems should be derived and used. Second, 
found from the fit is true or close to that, but inelasticity 
of the e-e interaction in the systems with complicated en- 
ergy spectrum depends on the conductivity really much 
weaker than in the conventional systems or there is more 
effective additional mechanism of inelastic phase relax- 
ation in the structures under study that changes the de- 
pendence T0((t) drastically. However, it remains unclear 
in the last case why the dephasing time at low conductiv- 
ity is five-to-ten times larger in HgTe quantum well than 




io' io' io' lo" 



- (Go) a (GJ 

FIG. 8. (Color online) (a) - The values of and Ts plotted 
against the conductivity for T = 1.35 K for the structures 
HT71 and H922. The fine is calculated according to Ref. Hi. 
The open squares are the experimental results obtained in 
Ref. |40| on the sample H451 with GaAs/Ino.2Gao.8As/GaAs 
quantum well, (b) - The value of interference correction at 
zero magnetic field found from Eq. ([1]) (solid circles) and 
Eq. (0 (open circles) as a function of the conductivity for 
T = 1.35 K, structure HT71. The dashed lines in both panels 
are provided as a guide to the eye. 
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that in conventional 2D systems as Fig. [DJa) illustrates. 

IV. CONCLUSION 

We have studied the interference induced magneto- 
conductivity in single quantum well of gapless semicon- 
ductor HgTe with the inverted energy spectrum. It is 
shown that only the antilocalization magnetoconductiv- 
ity is observed at relatively high conductivity tr > (20 — 
30) Go. The antilocalization correction demonstrates the 
crossover from the 0.5 In (r^/r) to 1.0 In (r^/r) behav- 
ior with the increasing conductivity or decreasing tem- 
perature that is interpreted as a result of crossover to 
the regime of independent contributions of the two chiral 
branches to the weak antilocalization. At lower conduc- 
tivity G < (20 — 30) Go, the magnetoconductivity behaves 
itself analogously to that in usual 2D systems with the 



fast spin relaxation. It is negative in low magnetic field 
and becomes positive in higher one. We have found that 
the temperature dependences of the fitting parameters 
T0 corresponding to the phase relaxation times is close to 
1/T over the whole conductivity range ct = (5 — 130) Gq 
that is typical for the dirty 2D systems at low temper- 
ature. However, the value is practically independent 
of the conductivity unlike the conventional 2D systems 
with the simple energy spectrum, in which increases 
with the growing conductivity. 
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